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® Valve timing control apparatus for engine. 
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(g) A varying mechanism (WT) for continuously 
varying the valve timing of an intake valve in a 
predetermined range is provided on a cam shaft in 
an engine. By controlling the WT. the valve overlap 
period of the intake valve and an exhaust valve is 
continuously varied in a predetermined range, thus 
adjusting the amount of the internal EGR in connbus- 
tion chambers. When determining that the oper- 
ational load of the engine is small and intermediate 
based on the value of a manifold pressure, an elec- 
tronic control unit (ECU) computes a target value for 
advancing the valve timing with respect to the rota- 
tional phase of a crankshaft based on a throttle 
angle, an engine speed, etc. The ECU also com- 
putes a limit value to restrict the target value in 
accordance with the value of the manifold pressure. 
When the target value is smaller than the limit value, 
the ECU controls the WT based on the target value. 



When the target value is greater than the limit value, 
the ECU replaces the limit value with target value 
and controls the WT based on this target value. 

Fig.i 
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TECHNICAL FIELD 

The present invention relates generally to a 
valve timing control apparatus which controls the 
timing of at least one of the intake valve and 
exhaust valve of an engine. More particularly, this 
invention relates to a valve tinning control apparatus 
which controls the amount of the valve overlap of 
the intake valve and exhaust valve in accordance 
with the running condition of an engine. 

RELATED BACKGROUND ART 

In the conventional combustion engine, intake 
and exhaust valves respectively operate to open 
and close air-intake and exhaust passages con- 
nected to the individual combustion chambers. The 
timing of both valves, likewise that of the pistons, is 
controlled by the rotational phase of the crankshaft. 
As shown in Fig. 8, during a cycle where the 
crankcase angle changes 720 degrees, a short 
period of time exists when both valves of a cylinder 
open at the same time. This so called valve overlap 
helps to scavenge burned gases out of the cylinder 
and to pull fresh air and fuel into the cylinder. 
Consequently, the amount of intake or exhaust gas 
in any one of the combustion chambers depends 
on the angle of a throttle valve provided in the 
engine's air-intake passage, or more specifically, 
on the speed of the engine at any particular time. 

Various apparatuses are available to ensure a 
variable valve timing in order to control the amount 
intake and exhaust amounts in the combustion 
chamber with a greater degree of freedom. Japa- 
nese Unexamined Patent Publication No. 58-25538 
discloses one example of such an apparatus. As 
illustrated in Fig. 9. an injector 92 provided in an 
air-intake passage 93 of an engine 91 injects fuel 
into the passage 93. An intake valve 96 and an 
exhaust valve 97 respectively open, allowing com- 
munication between a combustion chamber 94, the 
air-Intake passage 93 and an exhaust passage 95. 
Actuators 98 and 99 drive the valves 96 and 97 
respectively. A computer 100 controls the driving 
of the injector 92 based on various parameters 
detected by individual sensors 101, 102 and 103, 
and in this way adjusts the amount of fuel injected 
into the air-intake passage 93. Based on various 
engine operating parameters, the computer 100 
also controls the driving of the individual actuators 
98 and 99. This in turn effects the timing control of 
the valves 96 and 97. 

Through the above control, the computer 100 
controls the adjustment of the air-fuel mixture, sup- 
plied to the combustion chamber 94. and thereby 
controls the output of the engine 91. Under con- 
ditions when the engine's speed is substantially 
constant, the computer 100 controls the overlap of 



the intake and exhaust valves 96, 97 in such a way 
that allows exhaust gas to recirculate into the com- 
bustion chamber 94. The purpose of such Exhaust 
Gas Recirculation (EGR) is to reduce the amounts 
5 of nitrogen oxide contained in the exhaust gas 
exhausted to the atmosphere. In conventional en- 
gine systems, such control could also be carried 
out based on engine toad rather than engine 
speed. 

10 Usually, however, when the engine 91 has a 

small load, the amount of air fed into the combus- 
tion chamber 94 is itself relatively small, resulting 
in unstable combustion of the air-fuel mixture in the 
combustion chamber 94. Therefore, unburnt gas is 

15 likely to be left over after combustion in the com- 
bustion chamber 94. This tends to increase the 
level of engine emissions, i.e., exhaust emissions. 
A simple increase of the valve overlap to enhance 
the effect of the internal EGR operations increases, 

20 in this situation the amount of exhaust gas blown 
back to the air-intake passage 93 from the combus- 
tion chamber 94. Should too much exhaust gas be 
blown back into the air-intake passage 93, unstable 
air-fuel combustion occurs resulting in engine mis- 

25 firings and increases to the engine's emission out- 
put. Even with intermediate engine loads, setting 
the valve overlap to a relatively large valve or 
amount often causes engine misfirings and subse- 
quent increases to the amounts of engine emis- 

30 sions exhausted to the atmosphere. This is the 
case irrespective of whether the air-fuel mixture is 
burned properly in the combustion chamber 94, 

DISCLOSURE OF THE INVENTION 

36 

Accordingly, it is a primary objective of the 
present invention to provide a valve timing control 
apparatus, which effectively purges exhaust gas 
through the engine's internal EGR in accoro'ance 

40 with variations in the engine load and whicl* pre- 
vents engine misfires from occurring due to the 
internal EGR. 

To achieve the above and other objects and in 
accordance with the purpose of the present inven- 

45 tion, a valve timing control apparatus for an engine 
is provided. The apparatus has an air-intake pas- 
sage for introducing air to a combustion chamber 
and an air-exhaust passage for exhausting gas 
from the combustion chamber, both passages re- 

50 spectively having an intake valve and an exhaust 
valve therein, said intake and exhaust valves al- 
ternately and selectively opening and closing, and 
simultaneously opening during a valve overlap pe- 
riod, in synchronism with a rotation of a crankshaft 

55 to join the passages with the combustion chamber. 
The apparatus controls a valve opening timing of 
the intake valve and/or the valve opening timing of 
the exhaust valve in accordance with a running 
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condition of the engine. 

The apparatus includes a device for continu- 
ously varying the valve timing of the intake valve 
and/or the valve timing of the exhaust valve, a 
detecting device for detecting a running condition 
of said engine, a computing device for computing a 
target value of the valve timing to be controlled, 
based on the detected running condition of the 
engine, and a control device for controlling the 
varying device to continuously alter the valve over- 
lap period of the intake valve and the exhaust valve 
based on the computed target value. 

The apparatus further includes a restricting de- 
vice for restricting said target value to be computed 
by said computing device for keeping an amount of 
exhaust gas returning into the combustion cham- 
bers during the valve overlap period less than a 
predetermined value according to the detected run- 
ning condition of the engine. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features of the present invention that are 
believed to be novel are set forth with particularity 
in the appended claims. The invention, together 
with objects and advantages thereof, may best be 
understood by reference to the following descrip- 
tion of the presently preferred embodiments to- 
gether with the accompanying drawings in which: 
Figs. 1 through 7 illustrate one embodiment of the 
present invention as applied to the engine of a 
vehicle. 

Fig. 1 is a schematic structural diagram illustrat- 
ing a valve timing control apparatus for an en- 
gine; 

Fig. 2 is a cross section showing the structures 
of a variable valve timing mechanism (WT), 
etc.; 

Fig, 3 is a cross section also showing the struc- 
tures of the WT, etc.; 

Fig. 4 is a block diagram showing the structures 
of an electronic control unit (ECU), etc.; 
Fig. 5(a) is an explanatory diagram showing the 
valve overlap between an intake valve and an 
exhaust valve; 

Fig. 5(b) is an explanatory diagram further illus- 
trating valve overlap; 

Fig. 6 Is a flowchart illustrating a "valve timing 
control routine" executed by the ECU; and 
Fig. 7 is a map showing the relation between a 
manifold pressure and a limit value. 
Fig. 8 graphically illustrates the period of time 
when both intake and exhaust valve overlap. 
Fig. 9 is a schematic structural diagram showing 
a conventional apparatus. 



DESCRIPTION OF SPECIAL EMBODIMENT 

A detailed description will now be given of a 
valve timing control apparatus for an engine ac- 

5 cording to one embodiment of the present inven- 
tion as applied to a gasoline engine of a vehicle 
with reference to Figs. 1 through 7. 

Fig. 1 illustrates the schematic structure of a 
valve timing control apparatus for an engine. An 

10 engine 1 has a plurality of cylinders 2 in which 
pistons 3 reciprocate. Each cylinder 2 has a com- 
bustion chamber 4 located above the piston 3. A 
plurality of ignition plugs 5 are provided in associ- 
ation with the individual combustion chambers 4. 

75 An air-intake passage 6 and an exhaust passage 7 
communicate with each combustion chamber 4 via 
an intake port 6a and an exhaust port 7a, respec- 
tively. An intake valve 8 and an exhaust valve 9 
provided in association with each combustion 

20 chamber 4 respectively open the ports 6a and 7a. 
Those valves 8 and 9 function based on the rota- 
tions of different cam shafts 10 and 11. Timing 
pulleys 12 and 13 are respectively provided at the 
distal ends of the cam shafts 10 and 11. Those 

25 pulleys 12 and 13 are drivably coupled to a crank- 
shaft la by a timing belt 14. 

When the engine 1 runs, therefore, the torque 
of the crankshaft la is transmitted via the timing 
belt 14 as well as the timing pulleys 12 and 13 to 

30 the cam shafts 1 0 and 1 1 . 

Based on the rotations of the cam shafts 10 
and 11, the valves 8 and 9 are opened or closed. 
The valves 8 and 9 can function at predetermined 
timings in synchronism with the rotation of the 

35 crankshaft la or in synchronism with the suction 
stroke, the compression stroke, the combustion 
and expansion stroke, and the exhaust stroke ac- 
cording to the up and down reciprocal movement 
of each piston 3, as illustrated in Fig. 8. 

40 An air cleaner 15 provided at the inlet side of 

the air-intake passage 6 cleans the outside air 
taken into the air-intake passage 6. Injectors 16 
provided near the respective Intake ports 6a inject 
fuel into the air-intake passage 6. When the engine 

45 1 runs, the air is supplied via the air cleaner 15 into 
the air-intake passage 6. Fuel injected from each 
injector 16 is then mixed with the air and fed into 
the associated combustion chamber 4. This occurs 
when the associated Intake port 6a is opened by 

50 the intake valve 8 in the suction stroke. The air-fuel 
mixture supplied into the combustion chamber 4 is 
ignited and burned by the associated ignition plug 
5. As a result, the piston 3 moves to rotate the 
crankshaft la, generating the driving power in the 

55 engine 1. After combustion of the air-fuel mixture, 
the exhaust gas is discharged out of the combus- 
tion chamber 4 via the exhaust passage 7. This 
occurs when the exhaust port 7a is opened by the 
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exhaust valve 9 in the exhaust stroke. 

A throttle valve 17 provided midway in the air- 
intake passage 6 functions in response to the ma- 
nipulation of an acceleration pedal (not shown). The 
amount of air taken into the air-intake passage 6, 
i.e., the air-Intake amount can be controlled by 
adjusting the angle of this valve 17. A surge tank 
18 provided downstream of the throttle valve 17 
smoothes the suction pulsation. An air temperature 
sensor 71 provided in the vicinity of the air cleaner 
15 detects an intake-air temperature THA. A throttle 
sensor 72 provided in the vicinity of the throttle 
valve 17 detects the angle, TA, of the valve 17 
(throttle angle). A manifold pressure sensor 73 pro- 
vided in the surge tank 18 detects a manifold 
pressure PM. 

A catalytic converter 20, provided in a midway 
of the exhaust passage 7, cleans the exhaust gas 
with an incorporated catalytic converter rhodium 
19. An oxygen sensor 74 provided in a midway of 
the exhaust passage 7 detects the oxygen density 
in the exhaust gas. A coolant temperature sensor 
75 detects the temperature, THW, of the coolant in 
the engine 1. 

A distributor 21 distributes an ignition signal to 
ignite the individual ignition plugs 5. The distributor 
21 distributes a high voltage, output from an igniter 
22. to the Individual ignition plugs 5 in synchronism 
with the rotation of the crankshaft 1 a or a change in 
crank angle. Therefore, the ignition timing of each 
ignition plug 5 is determined by the timing at which 
a high voltage is output from the igniter 22. 

A rotor (not shown) Incorporated in the distribu- 
tor 21 rotates in synchronism with the rotation of 
the crankshaft la via the cam shaft 11. An engine 
speed sensor 76 provided in the distributor 21 
detects the rotational speed of the engine 1 (engine 
speed) NE. A timing sensor 77 provided in the 
distributor 21 detects the reference position, GP, of 
the crank angle at a predetermined rate in accor- 
dance with the rotation of the rotor. In this embodi- 
ment, the crankshaft la rotates twice for a se- 
quence of operational strokes of the engine 1, and 
the engine speed sensor 76 detects the crank 
angle at a rate of 30 degrees per pulse. The timing 
sensor 77 detects the crank angle at a rate of 360 
degrees per pulse. 

In this embodiment, a bypass passage 23 pro- 
vided in the air-intake passage 6 bypasses the 
throttle valve 1 7 and connects the upstream side of 
the valve 17 to the downstream side. An idle speed 
control valve (ISCV) 24 of a linear solenoid type 
provided In the bypass passage 23 serves to sta- 
bilize the idling at which time the throttle valve 17 
is fully closed. Based on the actuation of the ISCV 
24, the degree of the opening of the bypass pas- 
sage 23 Is adjusted to control the amount of air led 
into the combustion chamber 4. 



In this embodiment, a variable valve timing 
mechanism (hereinafter referred to as "WT") 25. 
which is driven by the hydraulic pressure, is pro- 
vided in the timing pulley 12 to make the actuation 

6 timing of the intake valve 8 variable. 

The structure of the WT 25 will be described 
below in detail with reference to Figs. 2, 3, 5A and 
SB. Rgs. 2 and 3 show the structure of the VTT 25. 
A journal 10a of the cam shaft 10 is rotatably 

10 supported between a cylinder head 28 and a bear- 
ing cap 27 of the engine 1 . The WT 25 is integ- 
rally provided with the timing pulley 12 at the distal 
end of the cam shaft 10. Two journal grooves 31 
and 32 provided in the journal 1 0a extend along the 

15 outer surface of the journal 10a. First and second 
head oil passages 33 and 34, provided in the 
cylinder head 26. serve to supply a lubricating oil 
to the journal 10a and the grooves 31 and 32. In 
this embodiment, an oil pan 28, an oil pump 29 

20 and an oil filter 30, provided in the engine 1, 
constitute a lubricating apparatus for the engine 1 , 
as shown in Rg. 1 . 

During the engine's operation of the oil pump 
29. lubricating oil is pumped up from the oil pan 28 

25 and discharged out of the pump 29. After passing 
through the oil filter 30, the oil passes through the 
oil passages 33 and 34 under a predetermined 
pressure and is then supplied to the journal 10a 
and the grooves 31 and 32. 

30 A pulley housing 35 provided at the distal end 

of the cam shaft 10 has the timing pulley 12 and a 
cover 37. The cover 37. attached to the pulley 12, 
covers one side of the pulley 12 and the distal end 
of the cam shaft 1 0. The substantially disk shaped 

35 pulley has a plurality of external teeth 38 on its 
outer surface and a boss 39 In its center. The 
pulley 12, attached to the cam shaft 10 by the boss 
39. Is movable relative to the shaft 10. The afore- 
mentioned timing belt 14 Is attached to the external 

40 teeth 38. 

The cylindrically shaped cover 37, open at one 
end substantially closed at its base portion, has a 
flange 40 on Its outer surface and a communication 
hole 41 formed in the center of its base portion. 

45 The cover 37 further has a plurality of internal teeth 
37a on the inner surface. The flange 40 is secured 
to one side of the pulley 12 by a plurality of bolts 
42 and pins 43. A detachable lid 44 Is secured to 
the communication hole 41. 

50 In a space 45. defined by the pulley 12 and the 

cover 37, a cylindrical Inner cap 46 attaches to the 
distal end of the cam shaft 10 by a hollow bolt 47 
in such a way that pin 48 prevents the cap 46 from 
rotating. The cap 46 has a wall 46a surrounding the 

55 boss 39 and Is rbtatable in relative to the boss 39. 
The wall 46a has a plurality of external teeth 46b 
on Its outer surface. 



4 
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A ring gear 49 is disposed between the pulley 
housing 35 and the cam shaft 10 to couple the 
housing 35 and the cam shaft 10. More specifically, 
the ring gear 49 disposed in the space 45 has an 
annular shape and can reciprocate along the axial 
direction of the cam shaft 10. This gear 49 has a 
plurality of teeth 49a and 49b arraigned in a helical 
form on the inner and outer surfaces. As this gear 
49 moves in the axial direction along the cam shaft 
10. it rotates in relative to the shaft 10. The inner 
teeth 49a of the gear 49 engage with the outer 
teeth 46b of the inner cap 46, and the outer teeth 
49b engage with the inner teeth 37a of the cover 
37. 

As the pulley housing 35 is rotated by the 
timing belt 14, therefore, the pulley housing 35 and 
inner cap 46, coupled by the ring gear 49, rotate 
together and the cam shaft 10 and the pulley 
housing 35 also rotate together. 

As shown in Rgs. 2 and 3, first and second 
hydraulic pressure chambers 50 and 51 are pro- 
vided in the space 45, sandwiching the ring gear 
49. The first hydraulic pressure chamber 50 Is 
located between the left end of the ring gear 49 
and the bottom of the cover 37 while the second 
hydraulic pressure chamber 51 is located between 
the right end of the ring gear 49 and the pulley 12. 

To transmit the hydraulic pressure of the 
lubricating oil to the first hydraulic pressure cham- 
ber 50, a first shaft oil passage 52 extends In the 
axial direction along the cam shaft 10. The distal 
end side of this oil passage 52 is connected to the 
first hydraulic pressure chamber 50 via a center 
hole 47a of the hollow bolt 47. The proximal end of 
this oil passage 52 extends in the radial direction of 
the cam shaft 10 and is connected to the journal 
groove 31 via an oil hole 53. 

To transmit the hydraulic pressure of the 
lubricating oil to the second hydraulic pressure 
chamber 51 . a second shaft oil passage 54 extends 
parallel to the first shaft oil passage 52 in the cam 
shaft 10. One round groove 55 formed at the distal 
end side of the cam shaft 10 extends along the 
outer surface of the shaft 10. A part of this round 
groove 55 is connected to the second shaft oil 
passage 54. An oil hole 56 formed in a part of the 
boss 39 connects the ground groove 55 to the 
second hydraulic pressure chamber 51. The proxi- 
mal end of the second oil passage 54 is connected 
to the other journal groove 32. In the second hy- 
draulic pressure chamber 51, a spring 57 Interven- 
ing between the ring gear 49 and the pulley 12 
urges the gear 49 toward the initial position shown 
in Fig. 2. 

With the above structure, the first head oil 
passage 33, the oil hole 53, the first shaft oil 
passage 52 and the center hole 47a constitute a 
hydraulic pressure supplying passage for supplying 



the hydraulic pressure to the first hydraulic pres- 
sure chamber 50. Further, the second head oil 
passage 34. the second shaft oil passage 54 and 
the oil hole 56 constitute a hydraulic pressure 

5 supplying passage for supplying the hydraulic 
pressure to the second hydraulic pressure chamber 
51. Linear solenoid valves (LSVs) 58 provided in 
the individual hydraulic pressure supplying pas- 
sages, connected to the individual head oil pas- 

10 sage 33 and 34, control the supply of the hydraulic 
pressure to the hydraulic pressure chambers 50 
and 51. The LSV 58 is an electromagnetic type 
four-way valve, which is connected to the oil pan 
28, oil pump 29 and oil filter 30, as shown In Fig. 1. 

76 As shown in Figs. 2 and 3. when casing 59 

constituting the LSV 58 has first to fourth ports 60. 
61, 62 and 63. The first port 60 communicates with 
the first head oil passage 33, and the second port 
61 communicates with the second head oil pas- 

20 sage 34. The third port 62 communicates with the 
oil pan 28, and the fourth port 62 communicates 
with the discharge side of the oil pump 29 via the 
oil filter 30. A tandem type spool 64 provided 
inside the casing 59 has three cylindrical valves 

25 64a and can reciprocate in the axial direction. This 
spool 64 is also movable between a first actuation 
position shown in Fig. 2 and a second actuation 
position shown in Fig. 3, based on the action of an 
electromagnetic solenoid 65 also provided in the 

30 casing 59. 

As shown in Fig. 3, when the spool 64 of the 
LSV 58 moves to the second actuation position, the 
discharge side of the oil pump 29 connects to the 
first head oil passage 33 while the second head oil 

35 passage 34 connects to the oil pan 28. With the 
spool 64 at this position, the hydraulic pressure Is 
supplied to the first hydraulic pressure chamber 50. 
This hydraulic pressure, together with the pressure 
of the lubricating oil remaining In the second hy- 

40 draullc pressure chamber 51 , causes the ring gear 
49 to rotate while moving in the axial direction 
against the urging force of the spring 57. The oil 
pressure provides the rotational phase difference 
between the cam shaft 10 and the pulley housing 

45 35. Here, the rotational phase of the cam shaft 10 
leads that of the housing 35. As a result, the timing 
of the Intake valve 8 leads the rotational phase of 
the crankshaft 1 a. 

In this case, advancement to the timing of 

50 intake valve 8 results in an increase in valve over- 
lap between the intake valve 8 and exhaust valve 9 
during the suction stroke, as shown in Fig. 5(b). 
Consequently, when the hydraulic pressure is sup- 
plied to the first hydraulic pressure chamber 50. 

55 the ring gear 49 moves to the end position in close 
proximity to the timing pulley 12 as shown in Fig. 
3. With the gear 49 moved to this position, the 
timing of the intake valve 8 is advanced to a 
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maximum. The valve's advancement is graphically 
illustrated in Figs 5(a) and 5(b). Fig. 5(a) illustrates 
a state where valve 8 is relatively retarded while 
Fig. 5(b) represents a stale where the valve 8 is 
relatively advanced, i.e., when gear 49 is at its end 
position. 

When the gear 49 Is moved away from timing 
pulley 12, the spool 64 of the LSV 58 moves to the 
first actuation position, as shown in Fig. 2. The 
discharge side of the oil pump 29 then connects to 
the second head oil passage 34 and the first head 
oil passage 33 connects to the oil pan 28. With the 
spool 64 at this position, the hydraulic pressure is 
supplied to the second hydraulic pressure chamber 
51 . This hydraulic pressure causes the ring gear 49 
to rotate while moving in the axial direction against 
the pressure of the lubricating oil remaining in the 
first hydraulic pressure chamber 50. This provides 
the rotational phase difference between the cam 
shaft 10 and the pulley housing 35 in the opposite 
direction to that of the previous case. Here, the 
rotational phase of the cam shaft 10 lags from that 
of the housing 35. As a result, the timing of the 
intake valve 8 lags from the rotational phase of the 
crankshaft 1 a, as shown in Fig 5(a). 

With the timing of valve 8 retarded, a decrease 
occurs in the valve overlap of the intake valve 8 
and exhaust valve 9 during the suction stroke, also 
shown In Fig. 5(a). Consequently, the hydraulic 
pressure is supplied to the second hydraulic pres- 
sure chamber 51, the ring gear 49 moves to the 
end position close in proximity to the cover 37 as 
shown in Fig. 2. With the gear 49 moved to this 
position, the timing of the intake valve 8 Is retarded 
to a maximum degree as shown in Fig. 5(a). 

Through the means of WT 25 as described 
above timing of the intake valve 8 and thus the 
valve overlap of the intake valve 8 and the exhaust 
valve 9 changes continuously and variably in the 
range as shown in Fig. 5(a) and Fig. 5(b). 

As shown in Fig. 1, an electronic control unit 
(hereinafter simply called "ECU") 80 receives sig- 
nals detected by the air temperature sensor 71 , the 
throttle sensor 72, the manifold pressure sensor 73, 
the oxygen sensor 74, the coolant temperature 
sensor 75, the engine speed sensor 76 and the 
timing sensor 77. Based on the detection signals, 
the ECU 80 properly controls the driving of the 
individual injectors 16, the igniter 22. the ISCV 24 
and the LSV 58. 

The ECU 80 comprises a central processing 
unit (CPU) 81, a read only memory (ROM) 82, a 
random access memory (RAM) 83 and a backup 
RAM 84 as shown in a block diagram in Fig. 4. The 
ECU 80 has those components 81-84 connected to 
an Input interface circuit 85 Including an A/D con- 
verter and an output interface circuit 86 by a bus 
87. all of which form an arithmetic logic unit. Pre- 



determined control programs, etc. are previously 
stored in the ROM 82. The RAM 83 temporarily 
stores the results of the operations performed by 
the CPU 81. The backup RAM 84 holds previously 
5 stored data. The aforementioned individual sensors 
71 to 77 are connected to the input interface circuit 
85, and the aforementioned components 1 6, 22, 24 
and 58 to the output interface circuit 86. 

The CPU 81 reads the signals from the sen- 

10 sors 71-77, input via the input interface circuit 85, 
as input values. Based on the Input values, the 
CPU 81 properly controls the driving of the Individ- 
ual components 16, 22, 24, 58, etc. to execute 
various controls, such as the fuel injection control, 

75 ignition timing control, idle speed control and valve 
timing control. 

The fuel Injection control regulates the driving 
of the injectors 16 based on a target value com- 
puted in accordance with the running condition of 

20 the engine 1. In this way the amount of fuel sup- 
plied to each combustion chamber 4 is accurately 
controlled. The ignition timing control regulates the 
driving of the igniter 22 based on a target value 
computed in accordance with the running condition 

25 of the engine 1 and thereby controls the timing of 
each ignition plug 5. The idle speed control carries 
out feedback control on the angle of the ISCV 24 
so that the value of the actual engine speed NE 
matches with the target value. The valve timing 

30 control regulates the driving of the LSV 58 to 
actuate the Wt 25 based on a target value com- 
puted in accordance with the running condition of 
the engine 1. This allows for the control of the 
actuation timing of the intake valve 8 and even- 

35 tually the valve overlap. 

Of those various controls executed by the ECU 
80, the contents of the valve timing control will be 
described with reference to Figs, 6 and 7. Fig. 6 
presents a flowchart illustrating a "valve timing 

40 control routine" that is executed when the engine 1 
runs. The ECU 80 executes this routine through an 
interruption made during every predetermined cy- 
cle of operation. 

When the process enters this control routine, 

45 first, the ECU 80 receives input values associated 
with the throttle angle TA, manifold pressure PM, 
engine speed NE, etc. which reflect the detection 
values from the individual sensors 72, 73, 76, etc. 
at step 110. 

50 Next, the ECU 80 determines if the input value 

of the current manifold pressure PM is equal to or 
greater than a predetermined reference value a at 
step 120. This reference value a corresponds to a 
limiting value used by the ECU 80 to define a small 

55 engine load during idle conditions. The reference 
value a may be for example set to "150 mmHgbs". 
When the input value of the manifold pressure PM 
is not equal to or above the reference value a, that 
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indicates the operational load of the engine 1 is 
very snnalL Under these conditions the ECU 80 
moves to step 130. 

At this step 130, the ECU 80 sets the target 
value eVTA for the valve timing control to "0 de- 
grees" so that the valve timing does not lead with 
respect to the rotational phase of the crankshaft 1a, 
and then proceeds to step 180. The set target 
value -eVTA in this way corresponds to a value at 
which the valve timing lags most in relative to the 
rotational phase of the crankshaft la. 

When the input value of the manifold pressure 
PM is equal to or above the reference value a at 
step 120. which indicates that the operational load 
of the engine 1 is not small, the ECU 80 goes to 
step 140. 

At this step 140, the ECU 80 computes the 
target value 0VTA according to the current engine 
running conditions, based on currently read input 
values of the throttle angle TA. engine speed NE 
and so forth. The ECU 80 calculates the target 
value 6VTA based on the target value flVTA is 
previously set in accordance with the levels of the 
throttle angle TA. engine speed NE and so forth. In 
this embodiment, the characteristic of the first nnap 
is set in such a way that when the engine 1 runs 
under a high load and at a high speed, the amount 
of air to be supplied in the combustion chamber 4 
increases based on the inertia effect of air suction. 
In other words, the characteristic of the first map is 
set in such a way that when the engine 1 runs 
under a high load and at a high speed, the target 
value dVTA becomes large and the valve overlap 
increases. It is known that the valve overlap causes 
the exhaust gas to be led into the combustion 
chamber 4 again (internal EGR), thus reducing 
nitrogen oxide in the exhaust gas. In this embodi- 
ment, therefore, the characteristic of the first map 
is set in such a way as to ensure the proper 
amount of internal EGR in accordance with the 
operational load of the engine 1. 

At the next step 150. the ECU 80 computes a 
limit value 0LIM as a threshold value in accordance 
with the currently read input value of the manifold 
pressure PM. This limit value eLIM is what has 
experimentally been obtained in advance as a val- 
ue that does not exceed a predetermined value 
according to the operational load of the engine 1. 
The predetermined value corresponds to the 
amount of the internal EGR when engine misfires 
occur in the combustion chamber 4 due to the 
internal EGR. The ECU 80 computes this limit 
value eLIM referring to a map previously deter- 
mined in accordance with the manifold pressure 
PM as shown in Fig. 7, 

According to this embodiment, the characteris- 
tic of the map is such that when the value of the 
manifold pressure PM becomes smaller than the 



reference value a, i.e., when the operational load of 
the engine 1 is very small, the target value eVTA 
becomes "0". When the operational load of the 
engine 1 is small or at about the intermediate level 

5 (the manifold pressure PM is smaller than a pre- 
determined value B), the limit value SUhA increases 
as the value of the manifold pressure PM in- 
creases. When the operational load of the engine 1 
is at the intermediate or high level, the limit value 

10 flLIM becomes constant regardless of the value of 
the manifold pressure PM. 

At the subsequent step 160. the ECU 80 deter- 
mines if the currently obtained target value eVTA is 
equal to or greater than the currently obtained limit 

76 value 0LIM. When the target value eVTA is less 
than the limit value dLIM, the ECU 80 determines 
that the target value 0VTA is not greater than it 
needs to be and that engine misfiring will not occur 
in the combustion chamber 4 from the valve-over- 

20 lap oriented internal EGR. Following this the ECU 
80 proceeds to execute the instruction set at step 
180. 

When the target value eVJA is equal to or 
greater than the limit value 0LIM at step 160, the 

25 ECU 80 determines that the target value eVTA is 
greater than necessary and that misfires may occur 
in the combustion chamber 4 from the valve-over- 
lap oriented internal EGR. Next, at step 170, the 
ECU 80 sets the currently obtained limit value eUhA 

30 as the target value 0VTA. In other words, the cur- 
rently obtained target value a VTA Is based on the 
limit value 6LIM. 

In moving to step 180 from either step 130, 
160 or 170, the ECU 80 controls the driving of the 

35 LSV 58 based on the target value eVTA to properly 
adjust the valve overlap. The ECU 80 executes the 
valve timing control in the above described man- 
ner. 

A description will now be given regarding the 
40 operation and advantages of the valve timing con- 
trol apparatus with the above structure. When the 
engine 1 runs, the individual valves 8 and 9 op- 
erate to open and close the individual parts 6a and 
7a in synchronism with the rotational phase of the 
45 crankshaft la. This opening and closing action al- 
lows for the engine's air-fuel mixture to be suc- 
tioned into the individual combustion chambers 4 
and to be exhausted after combustion. 

The valve timing of the intake valve 8 is con- 
so trolled in accordance with the running condition of 
the engine 1 . That is. the target value eVTA for the 
valve timing control is computed by the ECU 80 
based on the input values, such as the throttle 
angle TA and the engine speed NE. The ECU 80 
55 controls the WT 25 based on this computed value. 
In this control, the actuation timing of the intake 
valve 8 is changed continuously and variably in a 
predetermined range according to the engine's op- 
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erating conditions. Consequently, valve overlap 
variably and continuously changes within a pre- 
determined range during engine operation. 

With this valve overlap control, the supply of 
air and fuel to the engine can be performed with 
greater efficiency. Consequently, when the engine 
1 runs with a high load and at a high speed, the 
output of the engine 1 can be effectively increased. 
This valve overlap control further improves internal 
EGR operation, allowing the proper amount of the 
exhaust gas discharged from the combustion 
chamber 4 to be fed back to the combustion cham- 
ber 4. Consequently, nitrogen oxide level can be 
reduced by level not yet achieved in conventional 
EGR systems. 

In addition, when the ECU 80 determines the 
final target valve eVTA used to control the WT 25, 
it does so based on the operational load of the 
engine 1 . More specifically, when the engine 1 is in 
an idling status, the operational load of the engine 
1 is very small. The target value 0VTA is set to 
"0". This in turn, sets the valve overlap to a mini- 
mum. As a result, the amount of the internal EGR 
based on the valve overlap is suppressed as much 
as possible to prevent engine misfirings and con- 
sequent high levels of exhaust emissions. 

When the operational load of the engine 1 is 
small or intermediate, the valve overlap is set by 
computing the target value eWA using the limit 
value 0LIM, obtained according to the operational 
load at the time of the computation, as an upper 
limit. The amount of the valve-overlap controlled 
internal EGR in the engine 1 is controlled so that it 
does not exceed a predetermined value above 
which misfires tend to occur. This prevents the 
amount of the internal EGR from becoming exces- 
sively large. It is therefore possible to reduce nitro- 
gen oxide in the exhaust gas based on the amount 
of the internal EGR that is set according to the 
operational load of the engine 1 , thus ensuring the 
effective exhaust purging. In addition, it is possible 
to prevent misfire from occurring in the combustion 
chamber 4 and to thereby reduce the levels of 
exhaust emissions when the operational load of the 
engine 1 is very small. 

Although only one embodiment of the present 
invention has been described herein, it should be 
apparent to those skilled in the art that the present 
invention may be embodied in many other specific 
forms without departing from the spirit or scope of 
the invention. Particularly, it should be understood 
that this invention may be embodied in the follow- 
ing modes. 

The WT 25, which is driven with the hydraulic 
pressure as the driving source, is provided to con- 
tinuously and variably change the timing of the 
intake valve 8 within a predetermined range ac- 
cording to the above-described embodiment. Alter- 



natively, a WT which Is driven by an actuator, 
such as a step motor, as the driving source, may 
be provided. 

In the above embodiment, manifold pressure 

5 PM is detected and used as a parameter to com- 
pute the target value eUWi according to the running 
condition of the engine 1 . In place of the detected 
manifold pressure PM, a detected amount of intake 
air may be used as a parameter to compute the 

10 target value ^LIM. 

In this embodiment, valve overlap is controlled 
by changing only the timing of the intake valve 8 
by means of the WT 25 provided on the cam shaft 
10 of the cam shaft pair 10 and 11. The valve 

75 overlap may also be controlled by providing a WT 
on the cam shaft 1 1 of the cam shaft pair to drive 
and control the timing of the exhaust valve 9. 
Alternatively, a WT may be provided on each of 
the cam shafts 10 and 11 to drive and control the 

20 timing of both the valves 8 and 9. Valve overlap 
could thus be properly maintained by changing the 
timing of both WT controlled valves 8,9. 

Therefore, the present examples and embodi- 
ment are to be considered as illustrative and not 

25 restrictive and the invention is not to be limited to 
the details given herein, but may be modified with- 
in the scope of the appended claims. 

A varying mechanism (WT) for continuously 
varying the valve timing of an intake valve in a 

30 predetermined range is provided on a cam shaft in 
an engine. By controlling the WT, the valve over- 
lap period of the intake valve and an exhaust valve 
is continuously varied in a predetermined range, 
thus adjusting the amount of the internal EGR in 

35 combustion chambers. When determining that the 
operational load of the engine is small and inter- 
mediate based on the value of a manifold pressure, 
an electronic control unit (ECU) computes a target 
value for advancing the valve timing with respect to 

40 the rotational phase of a crankshaft based on a 
throttle angle, an engine speed, etc. The ECU also 
computes a limit value to restrict the target value in 
accordance with the value of the manifold pressure. 
When the target value is smaller than the limit 

45 value, the ECU controls the WT based on the 
target value. When the target value is greater than 
the limit value, the ECU replaces the limit value 
with target value and controls the WT based on 
this target value. 

50 

Claims 

1. A valve timing control apparatus for an engine 
having a valve timing varying mechanism (25) 
65 for continuously varying a valve timing of an 

intake valve (8) and/or an exhaust valve (9). 
both being actuatable in synchronism with a 
rotation of a crankshaft (la), to open an air- 
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intake passage (6) and/or an exhaust passage 
(7) comnnunicating with a combustion chamber 
(4) of said engine (1), sensors (72, 73 76) for 
detecting a running condition of the engine (1), 
controller (80) for connputing a target value 5 
associated with the valve timing to be con- 
trolled, based on the running condition of the 
engine (1), and for controlling the varying 
mechanism (25) to continuously vary a valve 
overlap period of the intake valve (8) and the io 
exhaust valve (9) based on said computed 
target value, characterized by that said control- 
ler (80) restricts the target value to be com- 
puted by said controller (80) for keeping an 
amount of exhaust gas returning into the com- is 
bustion chamber (4) during the valve overlap 
period less than a predetermined value accord- 
ing to the detected running condition of the 
engine (1 ). 

20 

The apparatus according to Claim 1, wherein 
said varying mechanism (25) includes: 

a cam shaft (10) rotatable in association 
with the crankshaft (la) for actuating the intake 
valve (8) and/or the exhaust valve (9): 25 

a timing pulley (12) provided on said cam 
shaft (10) for transmitting torque of the crank- 
shaft (la) to the cam shaft (10); 

a ring gear (49) for coupling the cam shaft 
(10) to the timing pulley (12) to cause a rota- 30 
tional phase difference between the cam shaft 
(10) and the timing pulley (12) based on move- 
ment of the ring gear (49) in an axial direction 
thereof; and 

a hydraulic pressure control valve (58) for 35 
applying a hydraulic pressure to said ring gear 
(49) to drive said ring gear (49). 

The apparatus according to Claim 1, wherein 
said sensors includes: 

a first sensor (72) for detecting an opening 
degree of a throttle valve (17) provided in said 
air-intake passage (6); a second sensor (76) for 
detecting a rotational speed of said engine (1); 
and ^5 

a third sensor (73) for detecting a manifold 
pressure in said air-intake passage (6). 

The apparatus according to Claim 3, wherein 
said controller (80) computes said target value so 
based on the opening degree of the throttle 
valve (17) and/or a rotational speed of said 
engine (1) for keeping the valve overlap period 
longer when said engine (1) runs with a high 
load and at a high speed. 65 

The apparatus according to Claim 1, wherein 
said target value is restricted with a threshold 



value computed based on the manifold pres- 
sure in said air-intake passage (6) for serving 
as an uppermost amount of exhaust gas re- 
turning into the combustion chamber (4) during 
the valve overlap period for preventing occur- 
rence of misfire in the combustion chamber (4) 
due to a low operational load of the engine (1 ). 

6. The apparatus according to Claim 1, wherein 
said controller (80) restricts said target value 
based on the value of the manifold pressure 
for retarding the valve timing when the engine 
(1) is in an idling status, advancing the valve 
timing in accordance with the Increase of the 
load when the load of the engine (1) is smaller 
than a predetermined value, and keeping the 
valve timing constant when the load is in ex- 
cess of the predetermined value. 

7. The apparatus according to any one of Claims 
1-6, wherein said controller (80) has an input 
signal processor (85). a memory (82, 83, 84), 
an operation circuit (81) and an output signal 
processor (86). 
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Fig. 4 
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